The local corrosion of MgO-C crucible by molten slag (Ca0-Si02-Al 2 03-(Fe,0)) and metal is greatly influenced by the bubbles generated at the crucible-slagmetal three-phase boundary and at the crucible-metal interface. Bubbles generated at the crucible-slag-metal three-phase boundary suppress the local corrosion, while bubbles generated at the crucible-metal interface enhance the local corrosion. Mechanism of the bubble generation was studied by in-situ X-ray observation and also by theoretical analysis. It is revealed that bubbles form mainly according to the reaction between (FeO) in the slag film between crucible and metal and C (s) in the crucible: (FeO)+C( S) =Fe ( i ) +CO (g) . (FeO) in the slag film comes from the reaction: 2Fe+(Si0 2 )=2(Fe0)+Sj for the FeO-free slag-electrolytic iron system.
INTRODUCTION
MgO-C refractory is widely used in various steelmaking processes. The local corrosion of the MgO-C refractory at the slag-metal interface (that is, refractory-slag-metal three-phase boundary) is considered as one of the most important factors shortening the life of the refractory. This has been verified by in-situ X-ray observation at high temperature and investigation of cooled specimens after corrosion experiments /1-4/. It was also found that the local corrosion was caused by the cyclic dissolution reactions that MgO in the refractory dissolves into slag and graphite dissolves into the metal /2,3/. Experiments also showed that bubbles generated at the (MgO-C crucible)-slag-metal three-phase boundary and at the cruciblemetal interface /1,2/.
In this study, effects of bubbles on the local corrosion rate and mechanism of gas bubble generation were studied by using the high temperature X-ray radiographic technique and analyzed theoretically.
EXPERIMENTAL
In-situ observation of the bubble generation in the MgO-C crucible charged with slag and metal was carried out in a LaCr0 3 heater furnace with X-ray radiographic apparatus and recorded on videotape under an atmosphere of high purity argon (>99.999%, 0 2 <0.2ppm, 200 ml/min) at 1873K/1/. MgO-C crucible (36mm I.D., 84mm depth) supplied by Kurosaki Corporation, Japan, Ca0-Si0 2 -Al 2 0 3 -Fe,0 (C/S=1.0, Al 2 0 3 =10mass%, T.Fe=0 or 5mass%) slag, electrolytic iron (0=60ppm), and Fe-C alloy containing 1,57mass% and 3.54inass%C, respectively, were used in the experiments.
Chemical composition and physical properties of the
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MgO-C crucibles are given in Table 1 . After experiment, the crucible was taken out from the furnace to cool rapidly. The rapidly cooled crucible was cut into two parts to analyze the situation of local corrosion. The corrosion depth was measured from the photos printed out from the videotape and also verified by the analysis of the cooled samples.
The rate of bubble generation in the C15 crucible charged with 60g Ca0-Si0 r Al 2 0 3 (C/S=1.0, A1 2 0 3 = 10mass%) slag and 200g electrolytic iron (0=60ppm) was measured at the gas outlet of the furnace with a flowmeter during the experiments. First the electrolytic iron was melted in the CI5 crucible for 25minuties, and then slag was added on the surface of the molten metal and held for 27 minutes. Finally, 3.0g aluminum was inserted into the molten metal and observed for 40min.
During the experiment, the rate of bubble generation was measured.
RESULTS
Bubble generation
As shown in Table 2 , gas bubble was not observed when only electrolytic iron was melted in MgO-C crucibles in an argon atmosphere at 1873K. When CaOSi0 2 -Al 2 0 3 -(Fe t 0) (C/S=1.0, Al 2 0 3 =10mass%, T.Fe=0 or 5mass%) slag was added on the surface of the molten metal, generation of gas bubble was observed. For all the corrosion experiments of MgO-C crucible charged with slag and metal at 1873K, bubbles generate actively and continuously at the metal-crucible interface (Fig.l) and at the crucible-slag-metal three-phase boundary (Fig.2) . Generation of gas bubbles stopped immediately after adding Al to the molten metal.
The rate of bubble generation was measured as 0 when only electrolytic iron was melted in CI5 crucibles for 25 minutes at 1873K. When Ca0-Si0 2 -Al 2 0 3 (C/S = T.Fe=0mass%; M: Electrolytic iron.
1.0, Al 2 0 3 =10mass%) slag was added on the surface of the molten metal, the measured rate of bubble generation was shown in Fig.3 . After adding Al to the molten metal, the rate of bubble generation was also measured as 0. Change of metal composition was also shown in Table 3 .
A cross-section of the rapidly cooled samples shows that the slag film exists at the slag-metal-crucible threephase boundary, the crucible-metal interface and also on the bottom of the molten metal.
Local corrosion rate
As shown in Fig. 4 , the local corrosion rate (variation of corrosion depth with time) of the MgO-C crucible increases with increasing graphite content of the crucible in the range from 0mass% to 15mass%, while a decrease in the local corrosion rate of the crucible with graphite content from 15mass% to 25mass% is found. 
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EFFECTS OF BUBBLE GENERATION ON THE LOCAL CORROSION RATE OF THE CRUCIBLE
As revealed by the authors in the previous researches /1-4/, the mechanism of the local corrosion 
Bubbles generated at the metal-crucible interface
As shown in Fig. 1, bubbles 
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Bubbles generated at the slag-metal-crucible three-phase boundary
Gas bubbles generate in large numbers at the threephase boundary. As shown in Fig. 2(a) , in the system of crucible (15mass% graphite)-slag (5mass%T.Fe)-Fe-C(1.5mass%) alloy, a gas curtain (gas film) forms between the crucible wall and slag above the threephase boundary. In the case of the crucible containing 25mass% graphite, the gas curtain forms for both the Fe t O-free slag in Fig.2(b) and the Fe t O-bearing slag as shown in Fig.2(c) .
During gas bubble generation, the slag film is pushed away from the local corrosion zone, and the creeping up of the metal is also restrained. Therefore, gas bubbles generated at the three-phase boundary restrain the local corrosion. Experiments show that the size of the bubble generated at the three-phase boundary decreases with increasing FeO concentration in the slag, C concentration in the metal and graphite content in the refractory, while the generation frequency increases. In the case of the Fe t O-free slag, although gas bubbles generate actively at the three-phase boundary, the creeping up phenomenon of the metal can be observed, and the local corrosion can also be confirmed. So the local corrosion rate of C25 with Fe t O-free slag is less than that of CI5 as shown in Fig.4(a) . In the case of Fe t O-bearing slag, the restraint of the local corrosion by the gas bubbles generated at the three-phase boundary is superiority to the enhancement of the local corrosion by the gas bubbles generated at the metal-refractory interface. When the gas curtain is formed, the creeping up phenomenon of metal almost disappears, and the local corrosion can not be clearly confirmed. So, the influence of C concentration in the metal on the corrosion rate is also very little as shown in Fig.5 .
Based on the proposed mechanism of the local corrosion of this system, the above mentioned experimental results are explained as follows. The gas curtain formed above the three-phase boundary prevents the slag film formation and the direct contact between graphite and metal, which suppresses the local corrosion.
MECHANISM OF GAS BUBBLE GENERATION
Preferential conditions for gas bubble generation
The criterion for gas bubble generation is
where P C o is the pressure of CO gas bubble, P Ar is the pressure of the argon atmosphere in the furnace, P 0 is the hydrostatic pressure caused by the molten metal and slag, σ is the surface tension of molten slag, and r is the radius of the gas bubble.
The position for the preferential generation of gas bubble is the gas-filled cavity or crevice on the surface of the crucible in contact with metal or slag phase. The preferential conditions for the nucleation and growth of gas bubbles are as follows: (1) with graphite is advantageous to the growth of gas bubbles due to the bad wettability and lower surface tension of slag, while the place where metal contacts with graphite is disadvantageous to the growth of gas bubbles due to the good wettability and higher surface tension of metal.
Mechanism of gas bubble generation
The consideration in 5.1, the experimental results shown in Tables 2 and 3 , and theoretical analysis support the mechanism that CO gas bubbles form mainly by the reaction between (FeO) in the slag film and C( S ) in the crucible (reaction (2)). (FeO) in reaction (2) is supplied by different reactions in different cases described as follows and transferred from the slag-metal
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interface to the slag film-crucible interface. The slaggraphite interface is the prevailing position for the nucleation and growth of gas bubbles due to the bad wettability and lower surface tension of slag.
In the case of FeO-bearing slag or the molten metal containing high oxygen concentration, FeO in the bulk slag and the reaction (3) are the main sources of FeO.
0+Fe ( 
Finally, in the FeO-free slag-electrolytic iron system, (SiO 2 )+2Fe (1) =Si+2(Fe0)
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Thermodynamically, CO gas bubbles can also generate according to the reaction (8). However, reaction (8) can hardly explain the phenomenon that bubble generation stops immediately after adding Al to the metal during the experiments (Table 2 ). cannot explain the phenomenon that the gas bubbles generate continuously in the MgO-C crucible-metal-slag system during the progress of the local corrosion.
We can summarize that continuous generation of gas bubbles during the progress of the corrosion of MgO-C crucible by molten slag and metal is mainly caused by the reaction between C (s) in the crucible and oxygen. The oxygen mainly comes from (FeO) in the slag. For the Fe,0-free slag-electrolytic iron system, (FeO) in the slag is supplied by the reaction between (Si0 2 ) in the slag and Fe.
6.CONCLUSIONS
The local corrosion of MgO-C crucibles by molten slag (Ca0-Si0 2 -Al 2 0 3 -(Fe0)) and metal is greatly influenced by the bubbles generated at the crucible-slagmetal three-phase boundary and at the crucible-metal interface. Bubbles generated at the crucible-metal-slag three-phase boundary suppress the local corrosion, while bubbles generated at the crucible-metal interface enhance the local corrosion.
Gas bubbles form mainly according to the reaction between (FeO) in slag film and C (5) in the crucible:
(FeO)+C( 5 )=Fe ( i)+CO( g ).
In the case of FeO-free slag-electrolytic iron system, (FeO) in the slag film comes from the reaction: 2Fe+(Si0 2 )=2(Fe0)+Si.
